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Method for producing an aqueous solution of hydroxy 1 amine 



5 Description 

This invention relates to a method for producing an aque- 
ous - solution of free hydroxylamine (HA) by simultaneous 

10 countercurrent treatment of a HA salt with ammonia or am- 
monia water, then separating the HA by distillation and 
reconcentrating the aqueous HA solution. According to the 
invention, this results in improved safety and a reduc- 
tion in losses of the method for producing aqueous solu- 

15 tions of free HA. 

Special safety conditions must be complied with when pro- 
ducing HA as thermal instability is one of its proper- 
ties, i.e. it decomposes in an explosion, especially in 
20 the presence of metal ions, in strongly alkaline media, 
and at high temperatures and concentrations. The thermal 
composition of HA causes irreversible losses and reduces 
product yield. 

2 5 The main ways of improving the method for producing HA 
are: producing highly pure HA, especially for the elec- 
tronics industry; increasing efficiency of the HA produc- 
tion method and increasing the safety of the HA produc- 
tion method. 

30 

A method for producing a highly pure stabilized aqueous 
solution of free HA by treating an aqueous, anion- 
containing solution of free HA with an anion exchanger in 
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alkaline form and mixed with a HA stabilizer is known 
from German patent DE 19936594 Al . The alkaline form of 
the anion exchanger is prepared using any base, particu- 
larly ammonia. 

5 

The disadvantage of this known method is its high cost 
due to the high price of the anion exchanger. In addi- 
tion, the method is not highly efficient, in particular 
when its use is limited to solutions for the electronics 
10 industry. 

U.S. patent 5472679 describes a method for producing an 
aqueous HA solution by reacting a solution of hydroxyl 
ammonium sulfate (HAS) with a suitable base at a tempera- 

15 ture of ca . 60°C. The mixture obtained is then subjected 
to distillation under reduced pressure at a temperature 
below 65 °C. There are considerable losses in HA due to 
its thermal decomposition at higher temperatures. A solid 
bottom residue is obtained (when releasing the HA formed 

20 salt) , and the distillate is an aqueous solution contain- 
ing 16 to 23% of HA. 

This method does not provide sufficient technological 
safety. Water is separated during evaporation resulting 
2 5 in an increased HA concentration. It is known that the 
inclination of HA to decompose increases when its concen- 
tration rises to > 70 percent by weight. There is a grow- 
ing risk that the high HA concentration initiates the ex- 
plosive decomposition of HA. 

30 

In addition, this method for producing an aqueous HA so- 
lution is not sufficiently reliable in plant operation 
because the solid bottom residue (e.g. sodium sulfate) 
accumulates on the inner walls of the apparatuses and 
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forms deposits that are difficult to remove, impair the 
function of the apparatuses, and create the conditions 
for equipment failure. The setbacks of this method also 
include insufficient efficiency. Vacuum pumps or vapor 
5 exhausting devices are required for performing the dis- 
tillation under reduced pressure, which increases both 
energy and operating costs of the method. 

A method for producing an aqueous solution of free HA by 
10 treating a HA salt with a base, separation of the solu- 
tion obtained by distillation into an aqueous HA fraction 
and a salt fraction at temperature above 80°C and subse- 
quent reconcentration of the aqueous HA solution by 
stripping it with vapor in a distillation column is known 
15 from patent publication WO 97/22551. 

It is a disadvantage of this method that the HA solution 
is contaminated with sodium ions if caustic soda is used 
as a base. The presence of a metal ion in the product 

20 creates the risk of explosive decomposition of HA, which 
characterizes the low degree of technological safety this 
known method has. In addition, salt (sodium sulfate) can 
be precipitated at the bottom of the stripping column, 
which reduces the reliability of plant operation, re- 

25 quires thorough monitoring of the technological parame- 
ters, and considerably increases the costs of this 
method . 

A disadvantage of the known method, if ammonia is used as 
30 a base, is insufficient HA yield of about 60-70%. This is 
because ammonia is a weaker base than caustic soda, for 
example, which completely pushes HA out of HA sulfate. In 
the known method, more than 30% of HA are discharged in 
the form of HAS as waste from the bottom of the distilla- 
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tion column and thus prevented from further use. The sig- 
nificant HA losses with wastewaters and the necessity of 
treating this waste considerably increase the expenses 
(costs) of the known method, making its industrial-scale 
5 application inefficient. 

A method of processing HA-containing solutions by strip- 
ping the HA with steam is known from patent publication 
DE 10004818. Its disadvantage is its high energy demand 
10 as the method involves distillation in a vacuum. This 
known method lacks the use of intrinsic energy. 

A method for producing an aqueous solution of free HA by 
simultaneous countercurrent treatment of an HA salt solu- 

15 tion with ammonia or ammonia water as a base, separation 
of the solution obtained into an aqueous HA solution and 
a salt fraction by distillation, reconcentration of the 
aqueous HA solution by distillation with vapor in a dis- 
tillation column is known from patent publication WO 

20 99/07637. Analogous applications are DE 197 33 681 Al and 
EP 1 012 114. 

The major disadvantages of this method are insufficient 
technological safety and increased HA losses due to its 
thermal decomposition. Insufficient safety of the method 

2 5 is due to the physical properties of HA and process spe- 
cifics of this method. Furthermore, safety conditions for 
the known method are not ensured over the entire range of 
pressure below (under a vacuum) and above atmospheric 
pressure. When using the known method under a vacuum, 

30 thermal decomposition of HA and its losses are insignifi- 
cant but there is a risk that ambient air is sucked in 
when the reactive distillation column is relieved and an 
explosive air/ammonia mixture can develop in the reactive 
distillation column. In addition, reaction of HA with 
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oxygen in the air produces nitrites that increase the 
risk of an explosion. 



This risk of local formation of an explosive ammonia/air 
5 mixture when the column operated under vacuum is relieved 
is present not only in the reaction but also in the dis- 
tillation part of the column. Using the known method, if 
there is excess ammonia (excluding HAS losses) in the re- 
action part of the column, it is stripped and discharged 
10 in the gaseous phase from the head of the column. The 
presence of ammonia both in the reaction and in the dis- 
tillation parts of the column considerably reduces the 
technological safety of the known method when performed 
under a vacuum. 

15 

If the known method is performed at increased pressure, 
i.e. a pressure above atmospheric pressure, formation of 
an explosive ammonia/air mix is excluded (when the column 
is relieved), however, another risk arises: When the 
2 0 process temperature is raised above 100°C, HA losses in- 
crease significantly according to the conditions of the 
vapor/liquid equilibrium, and the risk of explosion 
arises from the thermal decomposition of the HA. If steam 
is used at a pressure of about 1.5 bara (at a temperature 

2 5 of ca. 13 0°C) in the known method, local overheating of 

the HA solution occurs in the reaction part of the col- 
umn, resulting in increased HA separation and a decrease 
in HA yield. This reduces the productivity of the HA pro- 
duction process until the vapor changes into thermody- 

3 0 namic equilibrium with the solution. Areas of local over- 

heating of the HA solution may even occur at the consid- 
erable height of the reaction part of the column. 
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A decrease in safety of the known method for producing HA 
therefore results in the following disadvantages: 



Increase of the thermal decomposition of HA with the risk 
5 of explosion due to the raised temperature of the process 
above atmospheric pressure. 

Reduction of the HA yield due to increased thermal decom- 
position. 

Risk of formation of an explosive ammonia/air mixture and 
lb of nitrites when relieving the column that is operated 
below atmospheric pressure (under a vacuum) . 

It is the problem of the invention to improve the safety 
of the method for producing aqueous solutions of free HA 
15 and to increase the yield of free HA. 

This problem is solved by a method for producing an aque- 
ous solution of free HA using simultaneous countercurrent 
treatment of a solution of a HA salt with ammonia or am- 

2 0 monia water, separation of the HA solution obtained by 
distillation into aqueous solutions of HA and a salt 
fraction under a pressure above the atmospheric pressure, 
reconcentration by distillation of the aqueous HA solu- 
tion in the countercurrent with a strip medium in a reac- 

25 tive distillation column with a liquid-phase evaporator, 
the stripping medium according to the invention being a 
mixture of steam and a non-condensable inert gas and the 
process temperature being controlled at a defined pres- 
sure by the quantity (in percent by weight in relation to 

30 the quantity of HAS solution) of non- condensable inert 
gas at the column inlet . 



The preferred non-condensable inert gas is nitrogen. 
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The process temperature is controlled based on the fol- 
lowing principle: 

An increase in the portion of non-condensable inert gas 
results in a reduction in temperature, a decrease in the 
5 portion of this gas results in a temperature increase. 

For best results, this process is performed at a column 
pressure in the range from 1.05 to 2.5 bara, preferably 
from 1.1 to 1.8 bara. 

10 

The weight of non-condensable inert gas as compared to 
the feed quantity of HAS solution should be in the range 
from the 0.44 to 5.8 times, preferably from 1.8 to 5.4 
times the weight of the latter. 

15 

The nature of the distinguishing features of the solution 
described and its influence on solving the problems of 
the invention is as follows: 

The processes in the reactive distillation column are 

2 0 performed, as is known per se, above atmospheric pres- 

sure. Such a technological solution ensures high safety 
of the method when the reactive distillation column is 
relieved . 

25 The stripping medium used is a mixture of steam and a 
non-condensable inert gas. This is critical for the in- 
vention. As the process is performed in a mixture with a 
non-condensable inert gas, a decrease in process tempera- 
ture is ensured that increases the product yield by re- 

3 0 ducing loss due to thermal decomposition and improves the 

safety of the method by reducing the risk of explosion 
due to thermal decomposition of the HA. 
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The presence of a non-condensable inert gas in the vapor 
phase when carrying out mass transfers (treating the so- 
lution of a HA salt with a base, separating the solution 
obtained by distillation into an aqueous HA solution and 
5 a salt fraction, and reconcentration of the aqueous HA 
solution by distillation) produces a novel technological 
effect, namely, a reduction in temperature for performing 
the processes in the reactive distillation column at 
identical pressure. The physical nature of the tempera- 
10 ture reduction in the technological process by the pres- 
ence of a non- condensable inert gas is based on a change 
in composition of the vapor phase through changing the 
partial pressures of its components. The vapor phase in 
the solution according to the invention consists of a 
15 non-condensable gas, steam, and HA. Adding the non- 
condensable component to the composition of the vapor 
phase decreases the partial pressures of the other compo- 
nents (that is, steam, HA, and ammonia if an excess of 
the latter is used) . Thus the presence of the non- 
20 condensable component in the vapor phase reduces the par- 
tial pressures of steam and HA at an identical process 
pressure and ensures a drop in temperature of the mass 
transfers. Reducing the process temperature directly af- 
fects the solution of the problems raised: 

25 

the losses due to thermal decomposition of the HA are re- 
duced, its yield is increased, and 

process safety is improved by steering the technological 
process parameters in the reactive distillation column 
3 0 clear of the conditions under which a dangerous effect 
occurs - thermal decomposition of HA. 

As the non- condensable gas at the same time is an inert 
gas and does not enter into any chemical reaction with 
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the substances involved in the technological process, it 
ensures the technological reliability and safety of the 
new method. 

5 Introducing this novel component into the known system 
does not cause any reactions in the column due to the 
presence of this new component, which ensures the re- 
quired purity of the final product, the HA solution. As 
the gas is non-condensable, this approach prevents major 
10 portions of the solution from dissolving into components 
in the liquid phase and thus excludes contamination. 

All inert gases not described herein are in principle 
suitable as non- condensable inert gases - noble gases, 

15 for example. However in production the preferred gas will 
be nitrogen for economic reasons. Nitrogen meets the 
technological requirements: It does not enter into a 
chemical reaction with the components to be separated 
(that is, with water, HA, HAS, ammonia, and ammonia sul- 

20 fate) and virtually does not dissolve in them. In addi- 
tion, nitrogen is readily available and low-cost. 

This process is performed at a column pressure in the 
range from 105 to 250 kPa, preferably from 110 to 180 

2 5 kPa. The proposed pressure range is the optimum pressure 

for ensuring process safety. It prevents potential air 
supply to the process when the column is relieved or 
process temperature drops. Reducing the process tempera- 
ture increases HA yield by reducing HA losses due to 

3 0 thermal decomposition. 



Process temperature is controlled at a predefined pres- 
sure by the quantity or portion of non-condensable gas at 
the inlet of the column. This procedure causes a novel 
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effect in the solution described: the option to reduce 
process temperature while keeping the process pressure 
constant. In this way, the invention is able to combine 
the advantages of the technological process performed un- 
5 der vacuum (reduced process temperature, reduced HA 
losses due to thermal decomposition, increased safety) 
with the advantages of the process under atmospheric 
pressure (high reliability of plant operation and low 
costs as there is no need to have vacuum- generating 
10 equipment) . The fact that a novel technological property 
occurs in the system described (option to change the 
process temperature while keeping the pressure constant) 
proves its difference in principle from known methods and 
compliance with the criteria of an invention. 

15 

The option to change or control the process temperature 
by varying the quantity of non-condensable inert gas sup- 
plied results from a change the addition of a non- 
condensable inert gas causes in the composition of the 

2 0 vapor phase that reduces the partial pressures of the 

other components of the vapor /gas mixture. This physical 
connection results in reducing the boiling point of the 
salt solution at the bottom of the column and thus a cor- 
responding temperature drop in proportion with the quan- 
25 tity of non- condensable inert gas supplied. 

The weight of non-condensable inert gas as compared to 
the feed quantity of HAS solution should generally be in 
the range from 0.44 to 5.8 times, preferably from 1.8 to 

3 0 5.4 times the weight of the latter. This solution pro- 

vides an optimum relation between the reduction of proc- 
ess temperature and increasing column dimensions parame- 
ters. The presence of the non-condensable inert gas in 
the stripping medium weakens the driving force of the 
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mass transfers as it slightly reduces the concentrations 
of the substances in the vapor phase which requires a 
larger contact surface area of the phases, usually 
achieved by increasing the dimensions of the mass trans- 
5 fer apparatus. Increasing equipment dimensions, however, 
is at 10% to 20%, which is relatively low. 

The non-condensable inert gas used is recirculated into 
the technological process, which minimizes additional ma- 
10 terial supplies of the new method and allows for a re- 
source-saving process. 

The vapor/gas mixture that is being recirculated is use- 
fully cooled down under formation of a liquid phase with 

15 subsequent phase separation in a separator. Absolute 
moisture content of the vapor/gas mixture to be recircu- 
lated is reduced while cooling as the main quantity of it 
is condensed. This procedure results in drying the non- 
condensable inert gas, which increases its evaporation 

20 potential and facilitates a greater reduction in process 
temperature when it is supplied to the column. 

The non-condensable inert gas is advantageously recircu- 
lated by transferring it into a state of thermal equilib- 

25 rium with the stripping steam. Transferring the non- 
condensable inert gas into the state of thermal equilib- 
rium with the stripping steam ensures a balancing of the 
temperatures of the components of the stripping medium. 
This prevents local overheating of the solution in the 

30 reaction part of the column and eliminates HA losses that 
are due to its thermal decomposition as a result of local 
overheating . 
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The non- condensable inert gas can, for example, be trans- 
ferred into the state of thermal equilibrium with the 
stripping steam by conducting the non-condensable inert 
gas into the liquid column of the column bottom upstream 
5 of the liquid-phase evaporator. This method makes the 
best possible use of the heat of the solution that is be- 
ing discharged. In this way, inert gas comes into contact 
with the liquid phase conducted in the circuit and is 
saturated with steam; this reduces the temperature at the 
10 column bottom while the stripping steam heats up the in- 
ert gas. 

If the supply stream contains excess ammonia, the recir- 
culated non-condensable inert gas should be purified of 

15 ammonia in an absorber and heated with the used stripping 
medium for best results. In this way, the excess ammonia 
is discharged from the technological process, which sim- 
plifies the system of controlling the HA production proc- 
ess. The discharged ammonia can also be used in a plant 

20 for producing ammonia water, for example. 

The subsequent heating up of the purified non-condensable 
inert gas with the used stripping medium ensures a sig- 
nificant increase in evaporation potential of the gas, 
2 5 which contributes to a greater drop in temperature in the 
bottom of the reactive column. This is how improved proc- 
ess safety and increased HA yield are achieved. 

As the known technological method in accordance with DE 
30 197 33 681 Al or WO 99/07637 was decisively modified by 
an additional element, namely a non- condensable inert 
gas, formation of an explosive ammonia/air mixture when 
performing the method above atmospheric pressure is pre- 
vented, and the thermal decomposition of HA is reduced 
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from the outset by reducing the process temperature. This 
was not an obvious step, which is why this technological 
solution amounts to a special inventive achievement. 

5 The known method has only one option of changing (reduc- 
ing) the process temperature - changing (reducing) the 
nominal pressure in the column. This way of controlling 
the process temperature entails increased requirements 
regarding the functional and technological safety of the 

10 pressure control system of the column (the system of pro- 
ducing and maintaining a vacuum, which involves sophisti- 
cated equipment. The operating costs and energy demand of 
the vacuum generation and maintenance system are the 
higher the greater the range of changing the process tem- 

15 perature as these systems only have a very narrow margin 
of optimum operating conditions. 

The method according to the invention offers a novel way 
of changing the process temperature while keeping the 

20 process pressure constant. This enables the invention to 
combine the advantages of a technological process oper- 
ated under a vacuum (lower process temperature - reduced 
HA losses due to thermal decomposition) with the benefits 
of a process run at atmospheric pressure and above (high 

2 5 plant operation reliability and improved process safety) . 

The invention is explained below by an exemplary descrip- 
tion of the method without being limited to such descrip- 
tion . 

30 

The most common HA salt used is an aqueous solution of 
hydroxyl ammonia sulfate (HAS) . A stabilizer can be added 
to this solution. The volatile base used for the counter- 
current treatment of the HA salt in the aqueous solution 
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is ammonia or ammonia water if the process is run at an 
industrial scale. 



The quantity of the volatile base should ensure that the 
5 HA salt is completely transformed into free HA or repre- 
sent a minimal excess quantity. Under the conditions of 
an excess quantity of ammonia, countercurrent treatment 
can be discontinuous or continuous at preferred tempera- 
tures ranging from 10°C to 95°C. The products obtained 
10 are an aqueous solution that contains free HA and a salty 
solution from which the HA was removed: the ammonia sul- 
fate solution. The vapor phase contains ammonia that was 
not involved in the reaction to form HA. 

15 The equipment used in the processes of releasing the HA 
and separating the solution obtained into an aqueous HA 
solution and the salt fraction is a reactive distillation 
column in which the HA salt solution is subjected to 
countercurrent treatment with ammonia and a stripping me- 

2 0 dium which is a mixture of steam and a non-condensable 

inert gas. The preferred non-condensable inert gas is ni- 
trogen as it meets the technological requirements best: 
The reaction part of the column (reactive column) can ei- 
ther be equipped with mass transfer plates (perforated 
25 bottoms, bubble-cap plates) or packings (Sulzer boilers, 
Raschig rings, Pall rings) . The number of theoretical 
plates ranges from 5 to 30. The HA salt solution (feeding 
solution) is supplied to the head of the reactive part of 
the column (at the uppermost or one of the upper plates 

3 0 or the upper part of the packing) . If required, a separa- 

tor and demister for separating drops that are carried 
along can be installed above the feed plate. The solution 
is neutralized and separated in the reactive column so 
that the salt fraction is extracted from the bottom of 
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the column and the aqueous HA solution is extracted from 
the level of the feeding plate or higher. 



The reactive column is equipped with a forced-circulation 
5 reboiler designed as a single-flow shell -and- tube heat 
exchanger. The solution conducted in the circuit flows 
into the tubes of the heat exchanger, the heating medium 
(steam or hot water) into the space between the tubes of 
the heat exchanger. The temperature of the heating medium 
10 is 120 to 130°C. The nitrogen is passed into the solution 
conducted in the circuit upstream of the liquid-phase 
evaporator . 

The temperature in the reactive column is determined by 
the pressure and by the ration of the quantity of non- 
15 condensable inert gas to the quantity of the feeding so- 
lution and covers the range from 65 to 94°C. The pres- 
sure in the reactive column is above atmospheric pressure 
(normal pressure), generally at a range from 1.05 to 2.5 
bara, preferably from 1.1 to 1.8 bara . Performing the 
20 method in the reactive column under a pressure above the 
atmospheric pressure ensures a high degree of process 
safety when the reactive distillation column is relieved. 
The pressure above the atmospheric pressure is controlled 
by changing the output of steam/gas mixture that is dis- 
25 charged from the head of the reactive distillation col- 
umn . 

At a HA salt concentration of 20 to 30 percent by weight 
of HAS in the HAS feeding solution, the water quantity at 
30 the bottom of the reactive column is three to eight 
times, preferably 4 to 6 times the quantity of the feed- 
ing solution. The quantity of nitrogen conducted into the 
bottom of the column is 0.44 to 5.8 times, preferably 1.8 
to 5.4 times the quantity of the feeding solution. The 
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temperature of the supplied nitrogen is between 50 and 
85°C. 



The vaporous or liquid HA fraction taken from the head of 
5 the reaction part of the column can be reconcentrated in 
a distillation column of any technological design. The 
supply flow in the form of the vaporous HA fraction is 
passed into the distillation part of the column beneath 
the lower plate or lower part of the packing. If the sup- 

10 ply flow is a HA solution, it is passed into the distil- 
lation part of the column at such a level that the number 
of plates in the driving part to the number of plates in 
the booster part is at a ratio of 1 to 3 . During distil- 
lation, a mixture of steam, non-condensable inert gas and 

15 ammonia - if an excess quantity of the latter was used - 
is obtained at the head of the distillation part of the 
column and a HA solution whose concentration depends on 
the distillation conditions at the bottom. 

2 0 The vaporous mixture from the head of the distillation 
part of the column is compressed and usefully cooled down 
to 50 to 60°C, a process during which the main quantity 
of moisture is condensed. The process of cooling the 
steam/gas mixture to a temperature below the condensation 

2 5 of steam is performed in a partial condenser. 

If an excessive quantity of ammonia that is supplied to 
the reactive column is used in the method for producing 
HA, the stripping medium discharged as a vaporous steam / 
30 nitrogen / ammonia mixture from the head of the distilla- 
tion column is compressed, usefully cooled down, and sub- 
jected to purification from ammonia, after which the pu- 
rified gas is heated up using the heat of the discharged 
stripping medium. The discharged stripping medium is 
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cooled and the purified gas heated in a shell-and- tube 
heat exchanger recuperator. 

The discharged cooled stripping medium is purified from 
5 ammonia by absorption. This purification process takes 
place in an absorption column that can either be retro- 
fitted with mass transfer plates (perforated bottoms, 
bubble-cap plates) or a packing (Sulzer boilers, Raschig 
rings, Pall rings) . The number of theoretical plates 

10 ranges from 5 to 12 . The discharged stripping medium con- 
taining cooled ammonia is supplied under the lower mass 
transfer plate into the bottom of the column. Water is 
used as an absorbent and fed into the head of the column 
(or onto the uppermost or one of the upper plates or up- 

15 per part of the packing) . If required, a separator and 
demister for separating drops that are carried along can 
be installed above the uppermost plate. Absorption of the 
ammonia by water and formation of ammonia water take 
place in the absorption column in that ammonia water is 

2 0 extracted from the bottom of the column and the purified 
non-condensable inert gas is discharged from the head of 
the column. The latter is conducted into the tube-and- 
shell heat exchanger and recuperator that is heated by 
the discharged stripping medium. 

25 

The non-condensable inert gas is conducted from the par- 
tial condenser or heat exchanger and recuperator to the 
separator in which the pressure of the gaseous phase is 
controlled and, if required, the gaseous phase is sepa- 
30 rated from the liquid phase. The separator is a vessel- 
like device that may contain a demister in its upper part 
for as complete a separation of drops from the gaseous 
phase as possible. The liquid phase from the separator 
can be used as return flow into the distillation part of 
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the column and as feeding water flow for generating steam 
in the bottom of the reactive column. 

The separator ensures constant pressure of the steam/gas 
5 mixture at a defined level by automated supply and dis- 
charge of non-condensable inert gas from an external 
source. The pressure of the steam/gas mixture is main- 
tained at a defined level using a system of inlet and 
outlet valves installed behind the separator and con- 

10 nected to its upper part together with pressure sensors. 

If the pressure of the steam/gas mixture is lower than 
the set pressure value, the inlet valve opens and n on- 
condensable inert gas is supplied until the set pressure 
is reached. If the pressure of the steam/gas mixture has 

15 exceeded the set pressure value, the outlet valve opens 
and discharges the excessive quantity of non- condensable 
inert gas into the outer system until the set pressure is 
reached . 

20 The temperature in the reactive distillation column is 
controlled by controlling the supply of non-condensable 
inert gas to the column inlet. It is preferred to change 
the feeding of non- condensable inert gas depending on the 
feeding quantity of the 25% to 30% HAS solution. The 

2 5 feeding quantity of non-condensable inert gas may also be 
changed depending on the temperature in the reaction part 
of the column. Supply of gas is controlled using a valve 
that is installed in the feed line for the non- 
condensable inert gas at the inlet of the column. The 

30 pressure in the line upstream of the valve is kept con- 
stant by controlled supply and flow-off of non- 
condensable inert gas . 



Assuming the column temperature is controlled as de- 
scribed using the quantity of non-condensable inert gas 
supplied depending on the quantity of HAS solution sup- 
plied, a required constant column temperature of 91° 
5 would, for example, require an increase in the supply of 
non-condensable inert gas from 4.2 to 10.4 kg per kg of 
supplied HAS solution within an interval of pressure in- 
crease from 1.1 to 1.8 bar. 

10 Performing the method in the reactive column under a 
pressure above the atmospheric pressure ensures a high 
degree of process safety when the reactive distillation 
column is relieved. As the process is performed in a mix- 
ture with a non-condensable inert gas, a decrease in 

15 process temperature is ensured that increases the product 
yield by reducing loss due to thermal decomposition and 
improves the safety of the method by reducing the risk of 
explosion due to thermal decomposition of the HA. 

2 0 The change in the quantity of non-condensable inert gas 
at the column inlet results in a novel technological ef- 
fect in the solution described: a change in process tem- 
perature at a defined pressure in the column. For exam- 
ple, if the nitrogen quantity supplied is increased from 

25 2.1 to 4.2 kg per kg of HAS solution supplied at a de- 
fined pressure of 1.1 bar, the column temperature drops 
from 99°C to 91°C. 

Recycling the non-condensable inert gas involves recircu- 
30 lating the non-condensable inert gas used into the tech- 
nological process, which minimizes additional material 
supplies of the new method and allows for a resource- 
saving process . 



20 

Transforming the non-condensable inert gas into the state 
of thermal equilibrium with the stripping steam in the 
bottom of the column ensures temperature adjustment of 
the stripping medium components before they come into 
5 contact with the HA-containing solution. This prevents 
local overheating of the solution in the reaction part of 
the column and eliminates HA losses that are due to its 
thermal decomposition as a result of local overheating. 

10 Supplying the non-condensable inert gas to the bottom so- 
lution upstream of the liquid-phase evaporator ensures 
that the heat of the solution being discharged is util- 
ized while saturation of the gas with steam at the same 
time lowers the temperature in the column bottom. 

15 

Advantages of the method according to the invention in- 
clude that it improves safety, that it is performed at 
mild temperatures, and that it utilizes the heat of the 
technological flows that are being discharged. 

20 

An example of the method is shown in Figure 1 but the 
method is not limited to this example. Wherein: 

A Reactive distillation column, reaction part (reac- 

2 5 tive column) 

B Reactive distillation column, distillation part 

(distillation column) 
C Evaporator (at the bottom of the reactor column) 

D Compressor 

3 0 E Valve 

F Valve 



HAS solution supply 
Ammonia supply 



Water supply 

Recirculated steam/gas mixture supply 
Steam or hot water supply 
Discharge from the bottom 
5 Steam/ liquid mixture supply via evaporator 
Saline solution 
Column return inlet 
HA solution discharge 
Steam/gas mixture discharge 
10 Non-condensable inert gas supply or discharge 

The figure shows the method for stripping and separating 
the HA in the reactive distillation column (A + B) using 
the recirculated steam/gas mixture as a stripping medium. 

15 

The lower part of the column is the reaction part (A = 
reaction column) , the upper part is the distillation part 
(B = distillation column) . The bottom of the reaction 
column is equipped with the evaporator (C) . 

20 

The HAS solution (1) is passed into the head of the reac- 
tion column. Ammonia (2), water (3), and the recirculated 
steam/gas mixture (4) that consists of the non-condens- 
able inert gas, steam and, optionally, ammonia residues 
25 if (2) was applied in excess, are passed into the bottom 
of the reaction column. 

This steam/gas mixture is passed upstream of the evapora- 
tor (C) into the bottom solution conducted in the cir- 
3 0 cuit. The quantity of the steam/gas mixture supplied to 
the column is changed depending on the HAS solution feed- 
ing quantity and the selected column temperature using 
the pressure control valve (F) so that the weight ratio 
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of steam/gas mixture to HAS solution supplied is kept 
constant . 



The evaporator (C) is heated with steam of hot water (5) 
5 so that the main part of the bottom flow (6) circulates 
through the evaporator and runs back to the column as 
steam/ liquid mixture (7) . The HA is stripped and sepa- 
rated in the column by extracting the saline solution (8) 
from which most HA has been removed from the bottom of 
10 the column and by discharging a salt- free steam/gas mix- 
ture. The latter consists of steam, the non-condensable 
inert gas, HA, and portions of ammonia if (2) has been 
applied in excess. 

15 This steam/gas mixture from the head of the reaction col- 
umn is conducted as supply flow to the distillation col- 
umn that is sprinkled with the return flow (9) . The HA 
solution that is stripped of salts (10) is removed from 
the distillation column either via a lateral discharge or 

20 the column bottom. The steam/gas mixture from which the 
HA was removed (11) is discharged from the head of the 
distillation column; it consists of steam , the non- 
condensable inert gas, and ammonia if (2) was applied in 
excess . 

25 

This mixture is compressed in the compressor (D) and con- 
ducted in a circuit to the bottom of the reaction column, 
most usefully after most of the steam and ammonia por- 
tions were separated in an upstream condenser and an ab- 
3 0 sorption column that are both charged with water as cool- 
ing and absorption medium. Constant pressure of the 
steam/gas mixture within the circuit is maintained by 
adding or removing non- condensable inert gas (12) at a 
suitable site using control valves. The pressure in the 



23 

column is kept at the defined value above the atmospheric 
pressure by changing the quantity of the steam/gas mix- 
ture that is discharged from the head of the column using 
the control valve (E) . 

5 

Examples of performing the method 
Example 1 

Recovery of free HA from HAS in a countercurrent process 
10 with ammonia in a reactive distillation column by direct 
supply into the bottom of the reaction part of the column 
and simultaneous separation of an aqueous HA solution 
from the ammonia sulfate solution by stripping it with a 
mixture of steam and nitrogen while stoichiometrically 
15 adding ammonia. 

1421 g/h of HAS solution were directly passed into the 
head of the reaction part of the column. 3500 g/h of wa- 
ter and 370 g/h of ammonia water and nitrogen at a weight 

2 0 ratio of 4.4 to 1 in relation to the HAS solution sup- 
plied are supplied to the bottom of the reaction part. No 
stabilizer was added. The pressure in the bottom was 1.1 
bara. The bottom liquid from the reaction part of the 
column contained about 1.70 percent by weight of HA and 

25 16.41 percent by weight of a summary quantity of AS and 
HAS The temperature at the bottom of the reaction part of 
the column was 83.8°C. 

A vaporous flow of HA, steam, and nitrogen at an HA con- 
30 centration of 0.36 mole percent was discharged from the 
head of the reaction part of the column and conducted un- 
der the lower plate of the distillation part of the col- 
umn. The flow discharged from the head of the distilla- 
tion part of the column did not contain any HA. The bot- 
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torn liquid solution from the distillation part of the 
column contained 8.91 percent by weight of HA. HA decom- 
position was 2.14%. The HA yield was 84.17 percent by 
weight . 

5 

Example 2 

Recovery of free HA from HAS in a countercurrent process 
with ammonia in a reactive distillation column with si- 
multaneous separation of an aqueous HA solution from the 
10 ammonia sulfate solution by stripping it with a mixture 
of steam and nitrogen and an excessive quantity of ammo- 
nia . 

710 g/h of HAS solution were directly passed into the 
15 head of the reaction part of the column. 3500 g/h of wa- 
ter and 541 g/h of ammonia water and nitrogen at a weight 
ratio of 5.3 to 1 in relation to the HAS solution sup- 
plied are supplied to the bottom of the reaction part. 
The column bottom was heated. The pressure at the bottom 
2 0 of the reaction part of the column was 1.1 bara. HA was 
isolated and separated with no stabilizer present. 

The bottom liquid solution from the reaction part of the 
column contained about 0.22 percent by weight of HA. The 
25 bottom liquid solution from the distillation part of the 
column contained 5.47 percent by weight of HA. HA decom- 
position was about 2%. The HA yield was 95.8 percent by 
weight . 

30 



